Well-head production of petroleum can be significantly affected by flocculation, deposition, and plugging of asphaltene, paraffin/wax, and/or diamondoid inside the well. The economic implications of such a formation damage are tremendous. In this paper a comprehensive mechanism and predictive model for such compounds in the oil wells is presented. This model is based on the macromolecular theory of polydisperse polymer and colloidal solutions, kinetics of aggregation, electrokinetic transport phenomena, and phase behavior of multicomponent mixtures.
INTRODUCTION
The need for understanding the nature of heavy organics (asphaltenes, asphalts, bitumens, resins, diamondoids) present in crude oil and their role in the production and processing of petroleum is well recognized around the world as manifested by the extensive related research and experimental activities underway at various research centers 1 -4 . It appears certain that the trend in the oil industry, worldwide, will be and has already started towards the exploration, drilling, production and processing of lower quality crude and use of secondary and tertiary methods for recovering more oil from existing reservoirs. Gas injection, re-injection and miscible flooding of oil reservoirs is an economically viable technique. One of the most common problems in such recovery processes is the possibility of poor reservoir volumetric sweep efficiency because of channeling and viscous fingering. This may be caused by the large difference between the mobilities of the displacing and displaced fluids.
Blending or introduction of a miscible fluid in petroleum, in general, will produce a number of alterations in its flow and phase behavior as well as the reservoir rock and conduit characteristics. One such alteration is the heavy organic precipitation, which ultimately affects the productivity of a reservoir in the course of oil production or flow rate of the oil in a conduit (well or pipeline). In most such circumstances heavy organic precipitation may result in plugging or wettability reversal in the conduit and reservoir 5 -8 .
MECHANISMS OF DEPOSITION
Understanding the mechanism of the heavy organic deposition would result in more economical, environmentally sounder, and speedier oil production,
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Preprint transportation, and processing technologies. The kind and amount of depositions of heavy organics from petroleum fluids vary depending on the hydrocarbons present in oil and the relative amounts of each family of heavy organics
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• Four different effects (mechanisms) are recognized for such depositions. One or more of these mechanisms would describe the organic depositions that may occur during oil production, transportation or processing.
I. Polydispersivity Effect
The degree of dispersion of heavy organics in oil depends upon the chemical composition of petroleum Then the heavy and/ or polar fractions may separate from the oil mixture into another liquid phase or into a solid precipitate. Segments of the separated fractions which contain sulfur, nitrogen, oxygen and/ or hydrogen bonds could start to flocculate and as a result produce the irreversible heavy organic deposits which may be insoluble in solvents.
II. Colloidal Effect
Some of the heavy organics (specially asphaltenes) will separate from the oil phase into an aggregate (large particles) and then will remain suspended in oil by some peptizing agents, like resins, which will be adsorbed on their surface and keeping them afloat as demonstrated by Figure 3 . Stability of such steric colloids is considered to be a function of concentration of the peptizing agent in the solution, the fraction of heavy organic particle surface sites occupied by the peptizing agent, and the equilibrium conditions between the peptizing agent in solution and on surface of heavy organic particles. The amount of peptizing agent adsorbed is primarily a function of its concentration in the oi1
-
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III. Aggregation Effect
A concentration variation of a peptizing agent (such as resins) in oil will cause its adsorbed amount on surface of heavy organic particles to change. The peptizing agent 10 concentration in oil may drop to a point at which its adsorbed amount would not be high enough to cover the entire surface of heavy organic particles as shown by 
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. This is because of the development of an electrical potential difference along the length of the conduit due to the motion of charged particles. This electrical potential difference could then cause a change in the charged and colloidal particles further down the conduit, the ultimate result of which is their untimely deposition and plugging of the conduit as shown by Figure 7 . The factors influencing this effect are the electrical and thermal characteristics of the conduit, flow regime, flowing oil properties, characteristics of the polar heavy organics and colloidal particles, and blending of the oil. Depending on the operation and the kind of heavy organic present in oil one or more of the effects described above will cause heavy organic depo sitions 8 1 18 . In what follows a number of mathematical models will be presented to deal with heavy organic deposition from petroleum fluids.
MODELING OF HEAVY ORGANIC DEPOSITION FROM PETROLEUM arnos
Solution of the heavy organic deposition problem calls for detailed analyzes of heavy organic containing oils from the microscopic standpoint and development of molecular models which could describe the behavior of heavy organics in hydrocarbon mixtures. From the available laboratory and field data it is proven that the heavy organics which exist in oil generally consist of very many particles having molecular weights ranging from a few hundred to several hundred thousands • As a result, a realistic molecular model for the interaction of asphaltene and oil should take into account both the solubility in oil of one segment and suspension characteristic (due to resins) of another segment of the molecular weight distribution curve of asphaltene. Four different stochastic models are proposed which are based on molecular-level interaction theories of particles (monomers, polymers, and colloids) dissolved or suspended in oil. A combination of these four models is general enough to predict the heavy organic deposition from oil wherever it may occur during oil production, transportation, and processing.
A. Solubility Model of Interaction of Heavy Organics and Oil
It is generally assumed that two factors are responsible for maintaining the mutual solubility of the compounds in a complex mixture such as the petroleum crude: They are the ratio of polar to nonpolar and the ratio of the high to low molecular weight molecules in on 
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. This model is based on the fact that resins play a key role in the solubilization of asphaltenes because they reduce asphaltene aggregation. In other words, the degree of solubility of asphaltenes in the oil depends on the peptizing role of resins with respect to asphaltenes (i.e., the change of resin concentration in the oil due to the addition of a miscible solvent). By utilizing the kinetic theory of FRACTAL aggregation into the theory of heterogeneous polymer solutions, it is possible to describe properly the growing mechanism of asphaltene aggregates, the growing size distributions of asphaltene, and the geometrical aspect of asphaltene aggregation in oil due to several factors where µ is viscosity of the medium, ; is the zeta potential of asphaltene particles, L is length of the pipe, £ is permittivity of oil, r p is radius of the particle, and u is the electrophoretic velocity of the particle. By application of the streaming potential equation it is possible to determine the flow conditions under which charged heavy organic deposition and plugging of pipes and wells would occur.
DISCUSSION AND CONCLUSION
Depending on the kinds of heavy organics present in crude oil and the operations which the crude oil goes through in its production, transportation, and processing one or more of the models presented in this report could 13 be used for deposition prediction.
While the paraffin deposition is mostly due to lowering the temperature of the crude, asphaltene and resin depositions are due to variety of causes as mentioned above. However, since all the heavy organics and hydrocarbon families of the crude are polydisperse compounds the phenomena of heavy organic precipitation will be more complex than the c � se of precipitation of a monodisperse heavy organic. According to these figures with proper plannings in the production scheme, consideration of the characteristics of the producing petroleum, injection fluid, well casing, and the reservoir it is possible to choose a formation-damage-free production scheme.
By utilizing the above mentioned mechanisms and
It should be pointed out that most of the organic deposition problems, except for asphaltene, are reversible. This means by changing the pressure, temperature, or composition in the crude system it is possible to re-dissolve the deposits back into the solution. Asphaltene deposition, on the other hand, is an irreversible phenomenon which will not generally re-dissolve itself in the crude upon changes of condition inside the crude system. This is, of course, due to aggregation of asphaltene particles upon separation from petroleum crude. 
